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Abstract
Objective-To determine the efficacy of anti-

platelet therapy as prophylaxis against deep venous
thrombosis or pulmonary embolism in surgical and
high risk medical patients.
Design-Overviews of all randomised trials of

antiplatelet therapy that could have been available
by March 1990 and in which deep venous thrombosis
was assessed systematically.
Setting-53 trials (total 8400 patients) of an aver-

age of two weeks of antiplatelet therapy versus con-
trol in general or orthopaedic surgery; nine trials
(600 patients) of antiplatelet therapy versus control
in other types ofimmobility; 18 tials (1000 patients)
ofone antiplateet regimen versus another.
Results-Overall, a few weeks of antiplatelet

therapy produced a highly significant (2P< 000001)
reduction in deep venous thrombosis. 25% of
patients allocated antiplatelet therapy versus 34% of
appropriatel adjusted controls had deep venous
thrombosis detected by systematic fibrinogen scan-
ning or venography, representing prevention in
about 90 patients per 1000 allocated antipLatelet
therapy. There was an even greater proportional
reduction in puhlonary embolism: such emboli were
detected among 47 (10-/) antiplatelet allocated
patients versus an adjusted control total of 129
(2-7%/), representing prevention among about 17
patients per 1000 treated (2P<0-00001). In analyses
confined to surgical trials, the proportional reduc-
tions were similar and separately significant for non-
fatal pulmonary embolism (0.7% antiplatelet therapy
v 18"I. control; 2P<0*00001) and for deaths attri-
buted to pulmonary embolism (0-2% v 0 9%;
2P-0.0001). There was a slight but non-significant
excess of deaths from other causes (1.01/ v 0-71/6),
which made the difference in total mortality non-
significant, though still favourable (1.2% v 1-50/).
Information on adding antiplatelet therapy to
heparin was limited but, at least for pulmonary
embolism, suggested more protection from the
combination than from heparin alone.
The proportional reduction in the odds of suffer-

ing a deep venous thrombosis was roughly the same
in patients having general surgery, traumatic ortho-
paedic surger, and elective orthopaedic surgery
(and in medical patients who were at increased
risk ofthromboembolism). Forpulmonary embolism
the numbers affected were smaller, but again the
reductions were highly significant both in general
surgery (16 (0.5°/) v 58 (1*7*/.) pulmonary emboli;
2P<0*0001) and in orthopaedic surgery (28 (2.7%/) v
63 (6 1°/.) pulmonary emboli; 2P<0-0002).
Conclsion-It had previously been supposed

that antiplatelet therapy did not inuence venous
thromboembolism, and many surgeons and physi-
cians do not use it routinely for thromboprophylaxis,
even for patients who are at substantial risk of deep
venous thrombosis or pulmonary embolism. These
results indicate that antiplatelet therapy-either

alone or, for greater effect, in addition to other
proved forms of thromboprophylaxis (such as sub-
cutaneous heparin)-should be considered.

Introduction
During prolonged general anaesthesia or any other

period of limited mobility thrombus formation may
be initiated in the deep veins of the legs. Specific tests
disclose deep venous thrombosis in about a quarter of
all patients who have had general surgery and in about
half of those who have had orthopaedic surgery.I
Most such thromboses are subclinical and resolve
completely when mobility is restored (though a few
produce permanent valvular damage and chronic
venous insufficiency), but some may embolise to the
lungs, producing slight, substantial, or fatal effects.
Venous thrombosis and pulmonary embolism

remain an important cause of morbidity and mortality
both in surgical patients and in immobilised medical
patients.> Various thromboprophylactic treatments
have therefore been devised to prevent or limit
thromboembolism.-°0 An overview of randomised
trials of perioperative subcutaneous heparin"° showed
that among surgical patients such treatment can
roughly halve the risk not only of deep venous
thrombosis but, more importantly, of pulmonary
embolism. Subcutaneous heparin is now widely
recommended for surgical or medical patients at high
risk ofvenous occlusion, but antiplatelet therapy still is
not.3" This report provides an overview of the results
of the randomised trials of antiplatelet therapy in
which deep venous thrombosis was to be assessed
systematically. Most such trials entailed a few weeks of
perioperative treatment in general or orthopaedic
surgery, but some entailed a few months of treatment
for long stay medical patients at high risk of venous
thromboembolism (for example, those immobilised
by a stroke or myocardial infarction or who suffer
recurrent venous thrombosis).

NUMBERS NEEDED TO ASSESS EFFICACY RELIABLY

Antiplatelet therapy has been shown in various
settings to reduce the risk of myocardial infarction,
cerebral infarction, and other arterial occlusion (see
parts I and 111112). This report reviews its effects on
venous occlusion and pulmonary embolism. Anti-
platelet therapy has previously not generally been
accepted to prevent deep venous thrombosis or
pulmonary embolism," but this may be because the
trials had been too small to be separately convincing.
Most randomised trials of the thromboprophylactic

effects of anticoagulant or antiplatelet therapy have
been conducted in patients undergoing surgical proce-
dures. Antiplatelet trials including about 1000 general
surgical patients or about 400 of the higher risk
orthopaedic surgical patients might be required for
reliable detection of a reduction of about 40% in the
occurrence of deep venous thrombosis (that is, an
effect similar in size to that seen with the most widely
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used pharmacological prophylactic measure, sub-
cutaneous heparin"°; table I). To date, however, the
largest trial of the effect of antiplatelet therapy on deep
venous thrombosis after general surgery has included
only a few hundred patients, while the largest in
orthopaedic surgery included fewer than 300 relatively
low risk patients."-'7 The lack of any clearly significant
reductions in deep venous thrombosis in most previous
trials may therefore reflect lack of statistical power
rather than lack of therapeutic efficacy.
The situation is still worse for directly randomised

assessment of any effects of antiplatelet therapy on
pulmonary embolism, as detectable emboli typically
occur among only a few per cent of the control patients
in these surgical trials. Trials in more than 10000
"typical risk" general surgical patients or 4000 "high
risk" orthopaedic surgical patients might therefore be
required to be able to detect reliably a 40% reduction in
the probability of suffering pulmonary embolism
(table I).

NEED FORA SYSTEMATIC OVERVIEW OF TRIALS

Prophylaxis with a simple antiplatelet regimen
would be widely practicable to administer, even (in
contrast with many other forms of prophylaxis) during
the period after discharge from hospital while the risk
of thromboembolism may still be raised.7980 Hence
if antiplatelet therapy does produce a worthwhile
prophylactic effect it is important not to overlook this
by considering the results of just a few individual trials
taken in isolation from the rest of the trial evidence. To
help avoid any such false negative results, assessment
of the thromboprophylactic effects of antiplatelet
therapy should be based on a systematic overview of
the evidence from all relevant randomised trials. This
will reduce the effects of the play of chance on the
overall results and also help to avoid the selection
biases that might arise from undue emphasis being
placed on the results of just one, or only a few, of
the relevant trials.8' The aim of this overview of
antiplatelet trial results is to assess as reliably as
possible whether such treatment prevents deep venous
thrombosis and, particularly, pulmonary embolism or
death from pulmonary embolism (and, if so, whether
the proportional reductions are similar in different
types of surgery). Wherever possible information on
any serious bleeding complications was also reviewed.

Materials and methods
DATA ACQUISITION

Identification ofall unconfounded randomised trials
The aim was to include all unconfounded random-

ised trials of antiplatelet therapy versus no antiplatelet
therapy, or of one antiplatelet regimen versus another,
that could have been available for review by March
1990 and in which deep venous thrombosis was
systematically monitored by any method (see below
and appendices 1 and 2). A fuller description of the
methods used for seeking trials and data was given in
part 1."' Relevant randomised trials were identified
in general surgery (29 trials; 6691 patients"'),

TABLE I-Numbers required for statistically reliable tials if treatment reduced risk of adverse outcome by
about 40%

Typical risk patients High risk patients
(as in general surgery) (as in orthopaedic surgery)

Difference to No ofpatients Difference to No ofpatients
Outcome measure be detectedt neededt be detectedt neededt

Deep venous thrombosis 200/6-12% 1000 400/6-24% 400
Pulmonary embolism 2-0%-1-2% 10 000 6-00/-3-6% 4 000
Death due to pulmonary embolism 0 5%0-03% 50 000 200%/1 *2% 10000
Total mortality 1-0%.-8% 100000 3-0%02-2% 20000

tConsequences of40%/. reduction in thrombosis (given typical control risks).
$Total numbers needed for trials to have about 80% chance of achieving 2P< 0 01.

in traumatic orthopaedic surgery (11 trials; 964
patientsel-), in elective orthopaedic surgery (18 trials;
1 154 patients 4"7), and among high risk medical
patients (11 trials; 814 patients6$-5).
As in part I, trials were to be excluded if allocation

was believed not to have been randomised in a manner
that precluded prior knowledge of the next treatment
(for example, where allocation was alternate or based
on odd or even dates or record numbers, or where the
comparison was to be with some historical controls) or
if the treatment comparisons were considered to be
confounded (that is, where the scheduled treatment in
one group differed from that in the other in some
aspect other than antiplatelet therapy). Hence random-
ised comparisons of antiplatelet therapy versus
heparin or versus other potential thromboprophylactic
measures were not to be included, though trials of
antiplatelet plus anticoagulant regimens versus the
same anticoagulant regimen alone were to be. Trials
that were not available for review by March 1990,
generally because they were still in progress (see
references in part I), do not contribute to the main
analyses.

Principal analyses and outcome measures
The principal analyses of the effects of antiplatelet

therapy on deep venous thrombosis were to be based
on the results of only those randomised trials in
which such thromboses were sought prospectively by
systematic venography or systematic radiolabelled
fibrinogen uptake tests (with or without confirmatory
venography), or both. The principal analyses of the
effects on pulmonary embolism, however, were to be
based on all trials that sought venous thrombosis
prospectively, irrespective of the method used, as in all
such trials the interest in venous thrombosis would
tend to ensure that any pulmonary emboli diagnosed
would be recorded. (Restriction to the trials where
venous thrombosis was to be assessed should help to
minimise any potential for biases due to selective
reporting in other trials, where pulmonary emboli
might be reported only if their relation with treatment
seemed "noteworthy"; nevertheless, some analyses of
the numbers of pulmonary emboli in those other
trials1 12 will be provided alongside the principal
analyses.)

Information was sought on deep venous thrombosis,
pulmonary embolism, and mortality (distinguishing
between deaths ascribed to pulmonary embolism,
bleeding, and all other causes). Information was also
sought on any haemorrhage that was either fatal or
severe enough to require transfusion (here defined as
a "major" bleed). Other measures of perioperative
haemorrhagic complications (such as bleeds resulting
in reoperation, wound haematomas, or infection)
were also sought, but the definitions used were not
uniform and such measures were not available for
many trials.
When the data collected did not include information

about outcome among all patients initially randomly
assigned on all of the outcomes of interest extra details
were sought from the principal investigators (see part
I). In trials in which some patients had been excluded
after randomisation from the published report it was
often possible to obtain by correspondence follow up
information on these outcome measures among most
or all of the missing patients so that appropriately
unbiased intention to treat analyses of such events
could be conducted. When this was not possible the
available data have still been included in the overview
unless the number of exclusions was so extensive82 that
the trial could no longer be considered properly
randomised. Analyses confined to placebo controlled
studies, which may be less subject to treatment
dependent biases in the assessment of subjective
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outcome measures, were also considered separately,
when appropriate.

STATISTICAL METHODS

Proportional and absolute reductions
Statistical methods used to obtain an overview ofthe

results from the trials were detailed in part I. Propor-
tional reductions in venous occlusion or emboli may
be more widely generalisable to somewhat different
medical circumstances, whereas absolute reductions
may be more directly relevant to deciding whether
to use therapy in particular medical circumstances.
Standard methods for combining trial results" 83-85 that
provide an unbiased test of whether treatment has any
effect at all can also provide an estimate ofthe "typical"
proportional reduction in the odds of adverse events
observed in the trials. (These methods are completely
robust and do not assume that the real proportional
effects of treatment are all exactly the same in the
different trials but assume merely that any real effects
probably point in the same direction. Fuller discussion
has been given elsewhere.8'
When the overall difference between treatment and

control patients is very highly significant and all the
trials are approximately evenly randomised, a simple
description of the absolute reduction can be provided
just by adding together all the treatment groups,
adding together all the control groups, and comparing
these two grand totals. (If any of the trials include
deliberately uneven treatment allocation-for
example, two thirds treatment versus one third control
-then it can first be "adjusted" to an evenly random-

ised comparison by counting the control group more
than once; see part I.)
Even when there is a highly significant overall effect,

separate analyses of the effects in small subgroups of
patients may be statistically unstable. Consequently,
unless there are good prior reasons for expecting large
differences between the effects of treatment in differ-
ent circumstances, the approximate benefit of anti-
platelet therapy in some particular subgroup may best
be assessed indirectly, not from an analysis that is
restricted just to that one subgroup but, instead, by
approximate extrapolation from the proportional effect
that is observed in a much wider class of patients86 (see
discussion in part I).

Results
EFFECTS OF ANTIPLATELET THERAPY ON DEEP VENOUS

THROMBOSIS

Information on deep venous thromboses detected
by systematic venography or systemic fibrinogen
scanning (with any confirmatory phlebography), or
both, was available for 45 trials of antiplatelet therapy
among surgical patients and for eight such trials among
high risk medical patients. The proportional odds
reductions are shown in figure 1 and (of more direct
relevance to medical practice) the absolute reductions
in risk are shown in figure 2.

Proportional benefits
The total numbers of patients suffering a deep

venous thrombosis among those allocated antiplatelet

Category
of trial

No of
trials

with dat

Surgical patients:
General surgery

Traumatic orthopsedic
surgery

Elective orthopsedic
surgery

* ALL SURGICALt

High risk medlcal
patients

* ALL TRIALSt

HAterooenenitv o

DEEP VENOUS
THROMBOSIS

Anti- Adjusted
platelt controlst

STRATIFIED
STATISTICS
O-E Variance

Odds ratio and
confidence Interval

(Antiplatelet: Control

22 278/1434 396/1459 -497 106-1 U
(19.4%) (27.1%)

10 163/454 186/444 -15-1 415 -
(35.9%) (41.9%)

13 160/427 232/436 -28-4 42 3 *;
(37.5%) (53.2%)

45 601/2315 814/2339 -93-2 189*9 4
(26.0%) (34.8%)

8 39/261 61/266 -10-7 19-4
(14.9%) (22.9%)

53 640/2576 875/2605 -1 03 9 209-2 9
(24.8%) (33.6%)

A oclds reductions:.

%odds
reduction

(SD)

37% (8)

31% (13)

49% (11)

39% (6)

42% (17)

39% (5)

0 0.5 1.0 1.5 2*0

Antiplatelet Antiplatelet
therapy therapy
better worse

Treatment effect 2P<0O00001

FIG 1-Proportional effects of antiplatelet therapy on numbers ofpatients in whom deep venous thrombosis was detected by systematic fibrinogen
scans or venography, or both, after general and orthopaedic (traumatic and elective) surgery and in high risk medical patients. O-E-Observed
minus expected
(In most trials patients were allocated roughly evenly to antiplatelet therapy or control, but in some more were deliberately allocated to active
treatment. To allow direct comparisons between percentages observed to have an event in each treatment group, adjusted totals have been calculated
after converting any unevenly randomised trials to even ones by counting control groups more than once. Statistical calculations are, however,
based on actual numbers from individual trials and crude, unadjusted control totals are given. Stratified ratio ofodds ofdeep venous thrombosis in
treatment group to that in control group is plottedfor each group of trials (black square: area proportional to amount of information contributed)
along with its 99% confidence interval (horizontal line). Black square to left of solid vertical line suggests benefit (significant at 2P<0O01 only
where entire confidence interval is to left ofsolid vertical line). Overviews of resultsfor certain subtotals of trials (and 95% confidence intervals) are
represented by diamonds. Observed reductions in odds of deep venous thrombosis in particular groups of trials are given to right of solid vertical
line)
Risk reduction and odds reduction: Crude totals with deep venous thrombosis (25% and 34%) suggest risk reduction ofabout one quarter but odds
reduction ofabout one third. These cnrde risks are equivalent to odds of25/75 (0-33) and 34/64 (0 53) respectively (indicating odds ratio ofabout
0-33/0-53 (=0-63)-that is, approximate odds reduction ofabout 37%o, which is similar to result (39% (SD So)) ofmoreformal statistical analysis)
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therapy were 640/2576 (24-8%), while the corre-
sponding adjusted total among controls was 875/2605
(33-6%). These crude risks of 25% and 34% indicate a
risk reduction of about one quarter, which corresponds
to an odds reduction of somewhat more than one
quarter (see legend to figure 1). More formal statistical
methods for combining the results from these 53 trials,
which entail no unjustified assumptions," indicate that
the typical reduction in the odds of suffering deep
venous thrombosis was about 39% (with standard
deviation (SD) 5%), which is very highly significantly
favourable (2P< 000001; fig 1). In principle it is
possible that some of these results might have been
somewhat biased by knowledge (when assessing
deep venous thrombosis) of which patients had been
allocated antiplatelet therapy and which had been
allocated control. In practice, however, this seems to
have made little difference, for when the analyses were
confined to those trials in which the controls were given
a placebo the odds reduction became 38% (SD 7%),
which is just as large as before and still highly
significant (2P< 0 0000 1).
Most of the trials concerned patients having surgery,

among whom the mean duration of antiplatelet therapy
was only two weeks. The proportional reductions were
similar and highly significant in each main category of
surgery-general surgery (37% (SD 8%) proportional
reduction; 2P<0 00001), traumatic orthopaedic
surgery (31% (SD 13%) reduction; 2P=0 02), and
elective orthopaedic surgery (49% (SD 1 1%) reduction;
2P<0 0001; fig 1). Even among the few high risk
medical patients, among whom the mean duration of
antiplatelet therapy was to be eight weeks, there
appeared to be a substantial proportional reduction
(42% (SD 17%); 2P=0-02) in the odds of having
detectable thrombus. There was no significant differ-
ence between the odds reductions observed in each of
the four main categories of trial, but there were
significant differences between the effects observed in
the 53 separate trials (see foot of fig 1). This hetero-
geneity of the size of the reduction in deep venous
thrombosis was largely confined to trials in general
surgery (heterogeneity: X2=57 2, df=21; P<0 0001), a
category which may include a much greater range of
different types and durations of surgery (and, hence, of
thromboembolic risk) than did orthopaedic surgery,
which was largely confined to hip operations.

Absolute benefits
It is not the proportional but the absolute reductions

that determine how worth while therapy is, and as
the proportional reductions in different types of
patient appeared similar (fig 1), the absolute reductions
appeared to be greatest among patients at highest risk
of a deep venous thrombosis (fig 2). For example, in
patients having elective orthopaedic surgery allocation
to a mean scheduled duration of two weeks of anti-
platelet therapy was associated with prevention of deep
venous thrombosis in 157 (SD 33) patients per
1000 (37 5% of antiplatelet allocated patients versus
53-2% of corresponding controls), and in those having
traumatic orthopaedic surgery allocation to a mean
of two weeks of antiplatelet therapy prevented
thromboses in 60 (SD 29) patients per 1000 (35 9%
antiplatelet therapy v 41-9% control). Even among the
lower risk general surgical patients, however, the
absolute benefits remained substantial, with alloca-
tion to a mean of only one week of antiplatelet
therapy preventing thromboses in 78 (SD 18) patients
per 1000 (19A4% antiplatelet therapy v 27v1% control).
Thrombi in the proximal (femoral and iliac) veins of
the leg are particularly likely to embolise to the
lungs, and in the 14 of these trials for which informa-
tion on proximal thromboses was separately available,
antiplatelet therapy was associated with a 52% (SD

BENEFIT per 1000
patients (SD): 88 (14) 78 (18)
Weeks o AT. 2 1

21P: <0.00001 <0.00001

6 50%
to

it
'6~ 25%.

60 (29) 157 (33) 80 (33)
2 2 8

=0.02 <0.0001 =0.02

A = Antlplatelet therapy
C * Control

REASON FOR Any
RANDOMISATION: surgery

FIG 2-Absolute effects of antiplatelet therapy on deep venous
thrombosis detected by systematic fibrinogen scans or venography, or
both, after general and orthopaedic (traumatic and elective) surgery
and in high risk medicalpatients
(Adjusted totals cakulated after converting any unevenly randomised
trials to even ones by counting control groups more than once, for
cakulating adjusted percentages and numbers of patients prevented
from having deep venous thrombosis per 1000 allocated antiplatelet
therapy. Numbers of high risk medical patients studied are small, so
these results are denoted by open bars. (Significance (2P) based on
stratified analyses of orginal, unadjusted numbers in each trial; see
statistical methods in part I")

tWeeks ofA =Means ofscheduled antiplatelet durations.

12%) reduction in the odds of a proximal thrombus
developing (2P= 0 00002).

Fibrinogen leg scanning may be rather insensitive to
the femoral and iliac vein thromboses that commonly
occur after orthopaedic surgery, and is also prone to
giving false positive results because of extravasation of
radiolabelled fibrinogen at the site of any internal
bleeding.8788 Such deficiencies might weaken the
estimated effects of treatment but they should not
produce falsely positive evidence of protection. For, if
treatment had no effect, then these limitations would
apply at least as much to patients assigned antiplatelet
therapy as to controls; indeed, as antiplatelet therapy
might somewhat increase such bleeding, false positive
results due to extravasation might, if anything, be
increased by treatment. Hence the significant decrease
in thrombosis that was detected by radiolabelled
fibrinogen scanning provides valid evidence of benefit,
which is reinforced by analyses of the thrombi that
were confirmed by venography (49% (SD 10%)
reduction in the 15 trials that provided such data;
2P<0 00001).

In principle, possibly the decision to perform
venography might have been influenced in some of
these studies by an interpretation of the fibrinogen scan
that was biased by knowledge of the treatment alloca-
tion. Even in the placebo controlled studies, however,
there was a similar sized reduction in patients with
venographically confirmed thrombi (44% (SD 11%);
2P = 0 00006). Moreover, a few small randomised trials
of antiplatelet therapy included systematic venography
(which would not be subject to such ascertainment
bias), and though the numbers of patients with deep
venous thromboses detected were small, a significant
69% (SD 23%) reduction was still observed (adjusted
totals: 9 (11%) of 85 allocated antiplatelet therapy v
25 (29%) of 85 allocated control in three trials;
2P=0-002). Hence assessment biases can account for
little, ifany, of the protective effect shown.

EFFECTS OF ANTIPLATELET THERAPY ON PULMONARY

EMBOLISM

Information on pulmonary embolism was available
from 62 of the 64 trials in which deep venous
thrombosis had been sought systematically (by
fibrinogen scanning or venography (the 53 trials in
figures 1 and 2), or by other methods (11 additional
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Category
of trial

PULMONARY
No of EMI
trials Anti-

wlth data platelet

Surgical patients:
General surgery 26

Traumatic orthopaedic 11
surgery

Elective orthopsedle 16
surgery

53

9

IBO

16/3408
(0.5%)
14/504
(2.8%)
14/529
(2.6%)

44/4441
(1.0%)
3/275
(1.1%)

58/3419
(1.7%)
34/494
(6.9%)
29/537
(5.4%)

121/4450
(2.7%)
8/280
(2.9%)

62 47/4716 129/4730
(1 0%) (2.7%)

-20-7

_9.5

-6-2

-36-4

-2-2

-38-5

Heterogoneity of odds reductions:
- between four categories of trial x2 = 1 7: NS
- between 62 trials X37 = 37.5: NS

tCrude, unadjusted control total = 109/3936 for surgical patients.
(All trials in medical patients were evenly randomisod.)

% odds
reduction

(SD)

16-8 -U-71%j

10-4 60%1

86 * 51%

35-8 4 64%

24

38.2 > 64%

0 0-5 1.0 1-5 2-0

Antiplatelet Antipiatelet
therapy therapy
better worse

Treatment effect 2P<0-00001

(14)

(20)

(24)

(1 0)

(1 0)

FIG 3-Proportional effects of antiplatelet therapy on numbers of patients observed to have pulmonary embolism in trials that sought venous

thrombosis systematically after general and orthopaedic (traumatic and elective) surgery and in high risk medical patients. Symbols and
conventions as infigure 1

trials; see appendices 1 and 2)). Pulmonary emboli
were observed among only 47 (1-0%) of the 4716
patients allocated antiplatelet therapy compared
with an adjusted control total of 129/4730 (2-7%).
This threefold difference was highly significant
(2P < 0-00001; fig 3) and represented a 64% (SD 10%)
reduction in the odds of suffering a pulmonary embo-
lism. (A similar sized reduction (56% (SD 14%);
2P<0-0001) in pulmonary embolism remained when
just the 53 trials from figures 1 and 2 were considered.)
Pulmonary emboli were usually diagnosed clinically,
with confirmation by ventilation-perfusion scanning or

necropsy, or both. In principle, ascertainment of
pulmonary embolism might have been influenced by
knowledge of the allocated treatment group, but in
practice the results remained much the same when the
analyses were confined to placebo controlled trials
(65% (SD 11%) reduction; 2P<0-00001).
As in the case of deep venous thrombosis, separately

significant and similar sized proportional reductions in
pulmonary embolism were seen in each main category
of surgery-general surgery (71% (SD 14%) propor-

tional reduction; 2P< 0-0000 1), traumatic orthopaedic

BENEFIT per 1000
patients (SD): 17 (3) 12 (3)
week

0
of AT: 2 2
2P : <0.00001 <0.00001

7.5%.

FIG 4-Absolute effects of
antiplatelet therapy on
pulmonary embolism in trials
that sought venous thrombosis
systematically after general and
orthopaedic (traumatic and
elective) surgery and in high risk
medicalpatients. Symbols and
conventions as infigure 2

tWeeks ofA -Means of
scheduled antiplatelet durations.

I co

I

o E

2a.S% .

REASON FOR
RANDOMISATION:

41 (14) 28 (12)
2 2

<0.005 =0.04

T

A Antiplatelet therapy
C - Control I

T
A C

A

lK \\\\\\\\ /)/jk\454\ 1 525 i(1I

General Traumatic Elective
surgery orthopaedic orthopaedic

surgery surgery

18 (12)
9
NS

A

3 a
275 250

(1.1%) (L9%)

High
risk

medical

surgery (60% (SD 20%); 2P<0-005), and elective
orthopaedic surgery (51% (SD 24%); 2P= 0-04; (fig 3).
The absolute benefits again therefore appeared to be
greater in the higher risk patients (fig 4). For example,
just a few weeks of antiplatelet therapy after elective
orthopaedic surgery was associated with prevention of
pulmonary embolism in 28 (SD 12) patients per 1000
(2/6% of antiplatelet allocated patients versus 5-4% of
corresponding controls) and after traumatic ortho-
paedic surgery it prevented pulmonary emboli in 41
(SD 14) patients per 1000 (2-8% antiplatelet therapy v
6-9% control). The absolute benefit observed after
general surgery was smaller, with prevention of
pulmonary embolism among 12 (SD 3) patients per
1000, but still highly significant (2P<0 00001).
Among the few high risk medical patients the protec-
tive effect against venous thrombosis shown in figures
1 and 2 indicated some protection against pulmonary
embolism as well, but although the available data
support this suggestion, too few pulmonary emboli
were recorded in medical patients (three antiplatelet
therapy v eight control) for this to be tested accu-
rately.
Some additional information about the effects of

antiplatelet therapy on pulmonary embolism was avail-
able from trials in which prevention of venous

thrombosis was not the main purpose (most of which
entailed at least one month of therapy and so were

reviewed in part I). The information from these trials
was seriously incomplete, but it should not be biasedly
incomplete, and it did not show as much protection as
in figure 3. In the trials among people at high risk of
other vascular events that are reviewed in part I, only
49 antiplatelet allocated patients versus an adjusted
total of 54 controls had a pulmonary embolism
recorded during an average of two years of follow up

(0-3% of the patients from each treatment group in
trials in which at least one pulmonary embolism was

recorded). Similarly, in the primary prevention trials
among low risk subjects, 31 antiplatelet allocated
patients versus an adjusted total of 23 controls had a

pulmonary embolism recorded during about five years
of follow up (0-2% of each treatment group). But when
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TABLE II-Directly randomised comparisons among various types of patient of aspirin plus dipyrida
versus aspirin alone

Statisdcst
Aspirin plus Same Significanc

Category of patients and trials dipyridamole aspirin O-E Variance (2P)

Patients at high risk ofmyocardial infarction, stroke, or vascular death:
No with such a vascular event' 309/2660 312/2657 -2-4 132-6 NS

Patients at high risk ofcoronary or peripheral artery occlusion:
No with such an occlusionl2 200/951 199/950 0-6 76-9 NS

Trials that sought deep venous thrombosis by systematic fibrinogen scans or venography, or both:
No with deep venous thrombosis4 15/109 33/109 -9 7 8-7 -0 00;

Trials with some pulmonary emboli reported:
No with pulmonary embolism§ 6/1737 5/1742 0 5 2-7 NS

tObserved minus expected (O-E) for aspirin plus dipyridamole, and variance of0-E.
tFor comparison of aspirin plus dipyridamole versus any aspirin dose, results were: 63/263 v 97/264, O-E--;
variance-22-4, 2P-0-0006.
SIncludes results from trials which systematically sought deep venous thrombosis of 1/297 v 0/304 (fig 6: in v
corresponding numbers for comparison with any aspirin dose were 4/451 v 3/459) and from coronary artery b!
graft" trials (5/530 v 3/528) and other" trials (0/910 v 2/910) that found at recorded one pulmonary embolism.

these trials were considered together with the trials in
figure 3 there was still a highly significant 39% (SD 9%)
reduction in pulmonary embolism (127 cases among
antiplatelet allocated patients versus an adjusted
control total of 206; 2P= 0 00003).

EFFECTS OFANTIPIATELET THERAPYON PERIOPERATIVE

MORTAITY

The analyses of mortality in figure 5 are restricted to
the 53 surgical trials in figures 3 and 4. In these the
apparent effects of treatment were significant for non-
fatal pulmonary embolism (33 (0 7%) non-fatal cases
among 4441 antiplatelet allocated patients versus an
adjusted total of 82 (1-8%) among 4450 controls; 61%
(SD 13%) odds reduction; 2P<0 00001) and for
deaths attributed to pulmonary embolism (11 (0-2%)

1.5% fatal cases v 39 (0-9%); 70% (SD 18%) reduction;
2P=0 0001; fig 5). Only two deaths were attributed to

Is haemorrhage, and both occurred among antiplatelet
allocated patients. The adjusted numbers of other

thsmt deaths were also greater among patients allocated
ns as antiplatelet therapy (42 (1-0%) v 29 (0-7%)), although

this difference may merely reflect the play of chance as
ients. it was not statistically significant. But although this
ial"' non-significant excess of other deaths means that total
fatal mortality was not significantly reduced, the total

was still somewhat lower among patients allocated
antiplatelet therapy than among the corresponding

mole controls (fig 5). (In the nine trials among high risk
medical patients, six deaths were attributed to pul-
monary embolism (two antiplatelet therapy v four

ce control), two were attributed to haemorrhage (nil v
two), and there were only 44 other deaths (22 v 22).)
COMPARISONS OF DIFFERENT ANTIPLATELET REGIMENS

Direct comparisons between different regimens
Some direct randomised comparisons were available

between the effects of aspirin and another antiplatelet
regimen, or between one dose of aspirin and another,
on deep venous thrombosis or pulmonary embolism,

16-3, but these trials were generally too small to be reliable
Which (fig 6). In these direct comparisons aspirin plus
yass dipyridamole appeared to be more effective than

aspirin alone at preventing deep venous thrombosis.
Though this may reflect a real difference, its statistical

FiG 6-Direct comparisons of
proportional effects ofdifferent
antiplatelet regimens on deep
venous thrombosis and on
pulmonary embolism. Symbols
and conventions as infigure 1.
Asp=Aspirin. Dip=
Dipyridamole. Hydroxy-
Hydroxychloroquine

Regimens
compared
(Al VsA2)

No of PATIENTS
trials AFFECTED/TOTAL

with data Al A2

STRATIFIED
STATISTICS
O-E Variance

DEEP VENOUS THROMBOSIS by systematic flbrinogen scans and/or venography
Hight v medium Asp 2 31/80 27/80 2-0 7-0
Asp + Dip vsame Aspt 5 15/109 33/109 -9-7 8-7

Dlpyridamoie v Asp 2 14/49 12/45 0-2 4-6
Asp + Hydroxy v Asp 1 5/20
Asp+Dip vDlp 3 11/69

7/21
18/68

-0.9
-3X3

T

5.4 *

PULMONARY EMBOUSM In triais that sought venous thrombosis systematically
Hight v medium Asp 2 0/80
Asp + Dip v same Aspt 7 1/297
Dipyridamol v Asp

2/80 -1'0 0-5-

0/304
3 1/149 0/145

0-5 0-2

04 0-2

tAspirin doses (mg/day): high=500-1500; medlium=75-325.
t In four additional trials higher doses of aspirin were used
in aspirin alone group (see appendix 2). For comparison of
aspirin plus dipyridamole versus any aspirin dose results
on deep venous thrombosis were 63/263 vs 97/264 (O-E=-1 6.3.
variance=22.4: 52% (SD 15) reduction) and on pulmonary embolism
were 4/451 vs 3/459 (O-E=0.4. variance=1.4).

_ _ _ _ _ _ _ 4n
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BMJ VOLUME 308 22 jANuARY1994

Odds ratio and
confidence Interval

(Al: A2)

% odds
reduction

(SD)

67% (20)

2-2 I

1.5 2-0

A2
better

r

am

240



significance was not particularly striking when due
account was taken (by means of a Bonferroni correc-
tion) of the many different comparisons that have been
performed in all the comparisons between treatment
regimens in the three parts of this overview. Moreover,
the existence of a substantial additional protective
effect of dipyridamole was not supported by the direct
comparisons of the effects of aspirin alone versus

DEEP VENOUS
No of THROMBOSIS

Antipiatelet trials Anti- Adjusted
regimen with data piateiet controist

(a) Antipiatelet vs nil:

Aspirin
Aspirin + Dip
Hydroxychloroquine
Tlclopidine
Others

16

18
7
6
12

194/806
131/596
59/292
83/195
132/435

244/813
232/642
101/282
94/194
167/450

aspirin plus dipyridamole on vascular events (part I"),
on arterial or graft occlusion (part II12), or by the
limited data on pulmonary embolism (fig 6; table II)

Indirect comparisons between different regimens
Figures 7 and 8 provide details of the separate effects

of different antiplatelet regimens and are divided into
antiplatelet therapy versus nil (that is, in the absence of

STRATIFIED Odds ratio and
STATISTICS confidence interval
O-E Variance (Antpipatelet: Contro)

-18.6
-465
-21 1

-62

-148

* Subtotal: Antiplatelet 49 599/2324 830/2356 -101-1
sionet (25.8%) (35.2%)

Heterogeneity of odds reductions: X4 = 15-7; P=0-003

* (b) Antipiatelet + heparin 4 41/252 45/249 -2*:
vs same heparint (16.3%) (18.1%)

* ALL TRIALSt

71 1

571
220

197

400

6 191*7

3 17

53 640/2576 875/2605 -103-9 209-
(24.8%) (33.6%)

Heterogeneity of odds reductions (a vs b): X2 = 2-6: NS

tCrude, unadjusted control total = 715/2053 for trials in (a).
whereas each trial in (b) was evenly randomised.
NB: Some trials contributed to more than one comparison.

% odds
reduction

(SD)

23% (10)
56% (9)
62% (14)
27% (19)
31% (13)

41% (6)

5 = 12%4

*2 c: 39%

0 0-5 1-0 1.5 2-0

Antiplatelet Antiplatelit
therapy therapy
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Treatment effect 2P<0-00001

(22)

(5)

FIG 7-Indirect comparisons ofproportional effects of different antiplatelet regimens on deep venous thrombosis detected by systematic fibninogen
scans or venography, or both. Symbols and conventions as infigures I and 6

PULMONARY
No of EMBOUSM

Antiplatelet trials Anti- Adjusted
regimen wth data platelet controlst

STRATIFIED
STATISTICS
O-E Variance

Odds ratio and
confidence Interval

(Antipiatelet: Control)
VI

(a) Antiplatelet vs nil:

Aspirin
Aspirin + Dip

21 19/2015 60/1999 -19-1
18 5/621 8/667 -1-8

Hydroxychloroqulne 10 10/656
Ticlopidine 6 4/195
Others 15 5/575

U Subtotal: Antiplatelet 57 43/4062
alonet (1.1 %)

28/653
8/194
16/589

17-3 -

3-1 ;

-8-9 9.0
-2-1 2-9

-5-4 5*0

118/4077 -35 0
(2.9%)

34.5

Heterogeneity of odds reductions: X2 = 1-0: NS4

(b) Antiplatelet + heparin 5 4/654
vs same heparint (0.6%)

* ALL TRIALSt

11/653
(1.7%)

-35 3.7

62 47/4716 129/4730 -38-5
(1.0%) (2.7%)

38-2

Heterogeneity of odds reductions (a vs b): X2 = 0-0: NS

tCrude, unadjusted control total = 105/3549 for trials in(a).
whereas each trial in (b) was evenly randomised.
NB: Some trials contributed to more than one comparison.

% odds
reduction

(SD)

67% (15)
- , 43% (43)

63% (21)

I i - 66% (27)

64% (11)

r < § -- - 62%

2 + 64%
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FIG 8-Indirect comparisons of proportional effects of different antiplatelet regimens on pulmonary embolism in trials that sought venous
thrombosis systematically. Symbols and conventions as infigures I and 6
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concomitant anticoagulant therapy) and antiplatelet
therapy plus heparin versus the same heparin regimen.
As before, the chief problem is that the number of
statistical comparisons is so large that some results
are likely to have been substantially distorted by the
play of chance. For deep venous thrombosis assessed
by fibrinogen scanning or venography, or both
(fig 7), the most extensively tested regimens were
aspirin, aspirin plus dipyridamole, hydroxychloro-
quine, and ticlopidine. All except ticlopidine were
significantly protective. The most promising were
aspirin plus dipyridamole and hydroxychloroquine,
which accounted for the statistical significance of the
heterogeneity between the apparent effects of these
regimens on deep venous thrombosis-though it is
difficult to know how far to trust such indirect compari-
sons between the sizes ofthe apparent benefits in differ-
ent trials. For pulmonary embolism (fig 8) the greatest
amount of evidence related to aspirin and to hydroxy-
chloroquine, each of which appeared to reduce pul-
monary embolism by about two thirds, but there was no
good evidence of heterogeneity between the effects of
the different antiplatelet regimens.
Most trials assessed the thromboprophylactic

efficacy of antiplatelet therapy in the absence of
subcutaneous heparin, so that information on adding
antiplatelet therapy to heparin was limited (figs 7 and
8). For preventing pulmonary embolism, however, it
did appear that the effects of antiplatelet therapy might
be, at least in part, additive to those of heparin (four
(0-6%) patients with pulmonary embolism among 654
patients allocated antiplatelet plus heparin versus 11
(1 7%) among 653 allocated the same heparin regimen
alone; 2P< 0 05; fig 8).

EFFECTS OF THERAPY ON SURGICAL BLEEDING

Fatal bleeds were rare and there was no significant
difference between the treatment groups (two (0 05%)
v nil; fig 5). The non-fatal major haemorrhagic compli-
cation for which information was available from most
surgical trials was need for transfusion, with a margin-
ally significant trend towards more such "major"
bleeds among treatment allocated patients (0 7% anti-
platelet therapy v 0-4% control; one sided P
(1P)=0-04), equivalent to three (SD 2) additional
patients being transfused per 1000 treated (table III).
Information on other complications (reoperations,
wound haematomas, or infections due to bleeding) was
also quite commonly available from these surgical
trials, and there was a definite excess with antiplatelet
therapy (7-8% v 5-6%; 1P-0'003), equivalent to a
complication rate ofabout 22 (SD 9) per 1000 patients.
Similar increases in this complication were seen
in general surgery and in orthopaedic surgery and
when the analyses were confined to placebo controlled
studies.

Discussion
It is sometimes supposed that the randomised trials

of antiplatelet prophylaxis have shown this treatment
to have little or no effect on venous thrombosis or
pulmonary embolism.34 But this systematic overview

TABLE im-Reported bleeding complications in trials of antiplatelet thromboprophylaxis among surgical
patients that sought deep venous thrombosis systematically

Absolute Statistical
No of trials Antiplatelet Adjusted excess per significance

Complication reported with data group controls 1000 (SD) (lP)

Fatal bleed 53 2/4441 0/4450 - NS
(0 05%/) (0%)

Non-fatal "major" bleed (that is, need for 45 28/3798 15/3808 3 (2) -004
transfusion) (0 7%) (0 4%)

Reoperation, haematoma, or infection due to 25 177/2269 129/2306 22 (9) -0003
bleed (7 8%) (5 6%)

of the findings among about 9000 randomised patients
brings together far more evidence than was previously
conveniently available and shows conclusively that
antiplatelet therapy (usually given for only about one to
three weeks) substantially reduces both the incidence
of deep venous thrombosis and, particularly, the
incidence of pulmonary embolism in a wide range of
surgical patients. The limited evidence so far available
about antiplatelet therapy in medical patients who are
at high risk ofdeep venous thrombosis is also encourag-
ing. When some allowance is made for the imperfect
compliance with allocated treatment that inevitably
happens in clinical trials (see discussion in part I) it
seems that a few weeks of antiplatelet therapy can
almost halve the odds of suffering a deep venous
thrombosis and can reduce pulmonary embolism by
more than half.

RELIABILITY OF MAIN FINDINGS

Deep venous thromboses are difficult to assess
reliably, but although such difficulties might lead to
false negative trial results, they should not lead to false
positive trial results. Nor can the reductions in deep
venous thrombosis observed with antiplatelet therapy
be ascribed to any treatment related biases in the
ascertainment of thrombus by fibrinogen scanning'8
(see above). In confirmation of this, the highly sig-
nificant (2P<0-00001) reduction in deep venous
thrombosis associated with antiplatelet therapy that
was observed separately in general surgery, in trau-
matic orthopaedic surgery, and in elective orthopaedic
surgery (as well as among the few high risk medical
patients in thromboprophylaxis trials) remained highly
significant when the analyses were confined to placebo
controlled trials, to venographically confirmed throm-
boses, or even to placebo controlled trials that used
systematic venography to detect thrombosis. Finally,
the reduction was seen not only in distal vein
thromboses but also in proximal (femoral or iliac) vein
thromboses, which are particularly liable to embolise.
Pulmonary emboli are also difficult to assess reliably,

but again the large reduction in pulmonary embolism
in those trials that sought venous thromboses syste-
matically (47 (1 0%) antiplatelet therapy v 129 (2-7%)
control) cannot plausibly be ascribed to biases. The
95% confidence interval for this reduction of about
two thirds in pulmonary embolism ranges from a
reduction of about one half to a reduction of about
three quarters. A similar sized reduction in the placebo
controlled trials confirms that the subjective nature of
the determination of pulmonary embolism is unlikely
to have introduced any material bias into this assess-
ment of antiplatelet prophylaxis.

EFFECTS ON ALL CAUSE MORTALITY

The most important hazard is fatal pulmonary
embolism, and for this also the effects of antiplatelet
therapy were highly significantly beneficial (11 (0-2%)
deaths attributed to pulmonary embolism among the
4441 surgical patients allocated antiplatelet therapy
versus an adjusted total of 39 (0 9%) among 4450
controls; 2P=0-0001). One important aim of prophy-
laxis is to reduce total mortality. But the statistical
power to detect this directly is low, even in this
overview of all the antiplatelet trials (table I), because
total mortality is subject to uninformative chance
fluctuations in other causes of death that are not likely
to be much influenced by antiplatelet therapy. Thus a
direct assessment of the effect of treatment on total
mortality by a crude analysis of "all deaths" (which
ignores what is known of their causes) may, paradoxic-
ally, be less reliably informative about the effects of
treatment on total mortality than an indirect assess-
ment would be that is based on separate analyses
of the deaths attributed to pulmonary embolism, to
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haemorrhage, and to an aggregate of all other causes.
So, although the reduction in all deaths was only
non-significantly favourable, the reduction in deaths
ascribed to the aggregate of pulmonary embolism or
haemorrhage, or both, was highly significant and not
associated with any significant difference in deaths
from other causes.

SIMILAR PROPORTIONAL REDUCTIONS IN PULMONARY

EMBOLISM IMPLY GREATER BENEFIT FORTHOSEAT

HIGHER RISK

A further limitation of basing inference directly on a
crude analysis of the aggregate of all deaths would
be that the proportion by which fatal pulmonary
embolism is reduced is likely to be more widely
generalisable to different patient populations than is
the proportion by which total mortality is reduced (as
there may be wide differences between different types
ofpatient in the ratio between deaths due to pulmonary
embolism and deaths due to other causes). The pro-
portional reductions in overall (fatal or non-fatal)
pulmonary embolism appeared to be roughly similar in
different types of patient (fig 3). If the same is true for
fatal pulmonary embolism, then the absolute mortality
reduction should be greatest in patients in whom the
chances of a fatal pulmonary embolism are highest. For
example, a reduction by two thirds in the number of
deaths from pulmonary embolism would produce a

large absolute reduction in total mortality among those
at high risk of such emboli (for example, elderly
immobilised patients, or those having lengthy or
orthopaedic surgery) but would have much less effect
among patients at low risk of embolism (for example,
children or young adults).

CHOICE OFANTIPLATELET REGIMEN

Comparisons between different antiplatelet regi-
mens may be based on several factors, including
efficacy, ease of use, severity of side effects, and cost.
Aspirin is the most widely tested antiplatelet regimen,
with the best evidence of substantial protective effects
against pulmonary embolism and other major vascular
events (non-fatal myocardial infarction, non-fatal
stroke, or vascular death; see part I) and is convenient,
familiar, and inexpensive. Further research is, how-
ever, needed to determine whether a combination of
aspirin plus dipyridamole really is more effective than
aspirin alone in preventing deep venous thrombosis.
The directly randomised evidence on deep venous

thrombosis seems promising and may reflect some
real biological differences in effect.89-9' But the large
number of comparisons between different regimens
that have been made in the different parts of this
overview mean that the nominal statistical significance
of this particular one may yet be found to have been
largely or wholly due to the play of chance. Moreover,
if attention is directed to pulmonary embolism or to
other clinically important vascular events, then the
directly randomised comparisons do not support the
hypothesis that adding dipyridamole might materially
improve the effects of aspirin alone (table II).

IMPLICATIONS FOR CLINICAL PRACTICEAND RESEARCH

Fatal pulmonary embolism may be rarer now than
when many of the trials reviewed were conducted, but
it still causes a few deaths per 1000 operations in
middle aged and older people in Europe and North
America.24 92 A few weeks of antiplatelet therapy
appeared to prevent about two thirds (or, given the
statistical uncertainties, at least one hal) of the
pulmonary emboli occurring after many types of
surgery. The reduction in deaths attributed to pulmon-
ary embolism in these trials was highly significant and
not associated with any significant increase in deaths
attributed to other causes. Such treatment appeared to

reduce the risk of pulmonary embolism and deep
venous thrombosis by a similar proportion among
patients having general surgery, traumatic orthopaedic
surgery, or elective orthopaedic surgery (as well as
among high risk medical patients).
No consistent measures of bleeding complications

were available, but the overview of the information
that has been supplied suggests that the risks of
significant bleeding were small. Hence antiplatelet
therapy appears to offer a safe and effective means of
thromboprophylaxis in patients having many types of
surgery, as well as in other high risk groups of patients.
Moreover, it would be practicable to continue it after
discharge from hospital (in contrast with many other
forms of prophylaxis) for as long as the risk of
thromboembolism is still substantial.79 1 This does not
imply that some other proved method of thrombo-
prophylaxis (for example, low dose subcutaneous
heparin'°) could not be used in addition to antiplatelet
therapy. But other methods alone may not suffice,
since, at least for pulmonary embolism, antiplatelet
therapy appears to confer additional protective effects
even when low dose heparin is also being used, though
the data are sparse.
Treatment recommendations depend on a wide

variety of considerations, of which trial results are only
one part. Trial results-or, better, statistically definite
overviews of them-provide information, not instruc-
tions, to those concemed with treatment. But when
individual trials or overviews do-as for the effects
on pulmonary embolism of antiplatelet therapy (and
of anticoagulant therapy10)-produce very definite
results, then surgeons and physicians with high risk
patients should at least make themselves familiar with
those answers and with the reliability of the methods
that produced them. This should lead to much larger
trials, which could determine more reliably the types of
patient in whom the major benefits outweigh the major
risks, or which could assess the relative merits of
antiplatelet, anticoagulant, and combination therapy.
Indeed, one such trial (the pulmonary embolism
prevention trial) is already in progress. It should also
confirm, particularly among orthopaedic surgeons and
general surgeons, the importance of thromboprophy-
laxis among many types of patient who would other-
wise be at substantial risk of a disabling or fatal
pulmonary embolism.
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Clinical implications

* Prolonged general and orthopaedic surgery
(as well as other periods of limited mobility)
are associated with increased risks of venous
thromboembolism
* A few weeks of antiplatelet therapy roughly
halved the risk both of deep venous thrombosis
and of pulmonary embolism in a wide range of
surgical patients (and the limited evidence in
immobilised medical patients was also encourag-
ing)
* The absolute benefits appeared to be greater
for those at higher risk (for example, those
undergoing orthopaedic surgery)
* Antiplatelet therapy can be conveniently
continued after discharge from hospital (in
contrast with many other forms of prophylaxis)
for as long as the risk ofthromboembolism is still
substantial
* Antiplatelet therapy-either alone or, for
greater effect, in addition to other proved forms
of thromboprophylaxis-should be considered
for patients at high risk ofthromboembolism
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Appendix 1

HINDIVIDUAL RESULTS OIF UNCONFOUNDED RANDOMISED COMPARISONS OF ANTEILATELET THERAPY wITH CONTROL (A v C) FOR
THROMBOPROPHYLAXIS IN SUTRGICAL AND HIGH RISK MEDICAL PATIENTS

Non- Reoperation,
Deep venous thrombosis Pulmonaryembolism pulmonasy wound

No of embolism haematoms/ Major
Control snd patientsj Anyll Proximal Non-fstsl Fstal deathS infection bleed

Reference foliowup Weeks of
Trialname No Regiment methods* treatmnent A C A C A C A C A C A C A C A C

General surgety
MRC 13 A600 PF 1 153 150 42 33 - - 0 0 0 0 0 0 - - - -
Parodi-I 14,15 Dip,A1000+Dip OF.V 1 40 22s2 6 9 - - 0 0 0 0 0 0 0 0 - -
Parodi-Il 14,15 A1500,Dip,A+Dip OF 1 91 35x3 16 13 1 2 0 0 0 0 0 0 0 0 0 0
LoewDVT 16 A600 PC+V 2 702 679 (5 11) - - 2 10 2 7 2 2 80 70 0 0
Zekert-ElI 17 A1500,A1300+Dip,A1000+Dip OF 2 135 46s3 54 16 - - 4 0 0 0 7 1 - - 3 0
Claget 18 A1300 OF+V 1 56 49 9 11 - - 0 0 0 0 0 0 - - 0 0
Austailian-I 19 A1000+Dip OF 1 75 75 13 35
Australian-Il 20 A1000+Dip OF 1 85 75 12 24 - - 1 1 0 0 0 0 - - 0 0
Encke-IA 21 A90,A+Dip PF 2 21 9x2 12 4 - - 0 0 0 0 0 0 - - 0 0
Enocke-EB 21 A1500,A990.Dip PF 2 62 34s2 12 13 - - 0 0 0 0 0 0 - - 0 0
Toulouse-I 22 A990+Dip OFp 1 38 66 3 14 - - 0 0 0 0 0 0 0 0 0 0
Erfssrt-A 23,24 A1500 PDIF+V 2 357 357 (9 32) - - 0 0 0 3 0 0 - - 3 0
Z7kert-V 25 A1500+HepvHep PF+V 2 50 49 12 16 5 5 0 1 0 0 0 0 1 2 4 1
Vinazzer-I 26 A1500+HepvHep PD+V 1 402 404 (1 9) - - 0 2 0 1 17 7 41 13 1 0
Vinazzer-Il 27 AIOOO.HepvHep PF 1 62 62 5 1 1 0 5 0 0 0 2 0 1 0 0 0 0
Zekert-VI 28,29 A1500 OF 2 50 50 16 12 3 0 0 1 0 0 0 0 0 0 0 0
Hasjola-DVT 30 A1500,Dip,A+Dip OC+V 2 300 100s3 (6 5) - - 0 0 0 2 0 0 - - 0 0
Lssierfa 31 Ticlopidine PsysV 2 40 40 8 12 2 4 0 0 0 0 0 0 - - - -
Athen 32 SP PF 1 48 48 7 14 - - 0 2 0 0 0 0 - - 0 0
Turpie 33 Suloctidil PF 1 68 68 17 12 2 3 0 0 0 0 4 4 - - 4 3
Veth 34 Sp+HepviHep OF 1 120 118 20 14 - - 4 4 0 0 0 0 0 0 0 0
Carter-IA 35 Hydroxy PC 1 284 281 (0 25) - - 2 16 0 0 0 0 - - - -
Carter-JIB 35 Hydroxy PsysV 1 26 26 0 6 - - - - 0 0 0 0 - - - -
Carter-II 36 Hydroxy PF+V 2 107 97 5 17 0 1 0 0 0 0 0 0 - - 0 0
Walker 37 Ticlopidine PF 2 31 33 7 9 - - - - 0 0 0 0 - - - -
Weiss 38 A990+Dip OF 2 30 36 1 1 1 - - 0 1 0 0 0 0 - - 0 0
NewYork 39 Hydroxy PF 1 46 44 1 6
Vermont 40 Hydroxy FF1i 2 50 58 (1 5) - - 1 1 0 0 0 0 0 0 0 0

Trasusmatccorzhwpaedic susesy
Wood 41 RA233,A600+RA233 PF 2 21 9s2 20 6 16 5 0 0 1 1 2 1 0 0 0 0
Zekert-I 42-44 A1500 PF+V 2 138 140 7 17 - - 2 6 1 8 5 6 16 1 1 0 2
Morriso-A. 45 Dip OF 1 24 24 15 16 - - - - 0 0 0 0 0 0 0 0
Morris-B 45 A900+Dip OF 1 32 32 20 21 - - 0 0 0 0 0 0 0 0 0 0
Mocris-C 45 Flurbiprofen OF 1 20 20 13 12 - - 0 0 0 0 0 0 0 0 0 0
Powers 46 A1300 PF+V 3 66 63 27 29 7 19 0 2 1 0 2 1 - - 1 1
Danish-A 47 Hydroxy PF 3 48 50 24 33 - - 1 3 0 2 0 0 - - 0 0
Danish-B 47 Hydroxy PFF 3 27 28 7 18 - - 1 0 0 0 0 0 - - 0 0
Massachusetts-I 48 A1200,A+Hydroxy 0 C/P1+V 3 50 25s2 (13 15) - - 0 2 1 0 3 1 8 3 7 3
Eocke-II 21 A1500,A990.Dip PF 2 34 25 14 8 - - 1 1 0 1 2 1 - - 0 0
Erfusrt-B 23,24 A1500 PF+V 2 44 44 16 20 - - 0 0 5 5 0 0 - - 0 0

Eective orrhopaedicsgetye
Stockholm-I 49 A2000 PC 2 26 25 (7 4) - - 0 0 0 0 0 0 - - 0 0
Lyon-I 50 A1500+Dip OF 2 20 20 10 8 - - 0 0 0 0 0 0 - - 0 0
Massachusetts-Il 51 Hydroxy PC/P1+V 3 51 51 (1 8) - - 0 2 0 2 0 0 7 9 2 2
Pasteyer 52 AIOOO+HepvHep SysV 2 20 20 4 4 0 1 0 1 0 0 0 0 1 2 1 0
Harris-I 53 A1200 PF 1 58 59 1 1 23 5 14 0 1 0 0 0 0 3 1 0 0
McKenna-I 54 A975,A3900 PF+V 2 24 12x2 8 9 2 3 3 4 0 0 0 0 - - 1 0
Sautter 55 A9004Sp FF0V 3 68 77 33 52 13 29 2 5 0 0 0 0 4 5 0 .0
Cooke 56 Hydroxy PT+V 2 25 25 (10 12) - - 5 2 0 0 0 0 1 1 0 0
Rocha 57 A.250,A1000 OF+V 1 60 30s2 3 11 - - 0 1 0 0 0 0 2 1 0 0
McKenna-Il 58 Ticlopidine PF+V 2 29 29 14 16 - - 2 3 0 0 0 0 6 0 0 0
McBride 59 A1800.D3ip PF 1 21 22 8 8 - - 0 0 0 0 0 0 - - -

Humet-A 60,61 Hydroxy PF+V 2 20 20 10 10 - - - - 0 0 0 0 - - 0 0
Lyon-Il 62 Ticlopidine PF 3 20 20 8 13 - - 1 0 0 0 0 0 6 5 0 0
Gardecki 63,64 Ticlopidine PF+V 2 48 46 36 39 14 12 1 3 0 0 0 0 1 2 - -
Stockholm-Il 65 Hydroxy PF 2 18 17 12 11 - - 0 0 0 0 0 0 - - 0 0
Hamburg 66 A+Dip,AIOOO PF 3 21 11s2 3 4 - - 0 0 0 0 0 0 - - 1 0

High risk medical patiensic
Chicago 68 A60-0+Dip OF+V 4 13 15 3 6 0 0 0 0 0 0 0 0 - - - -
Denver-I 69 SP P C+V 13 14 14 (0 3) - - 0 0 0 0 0 1 - - - -
Denver-Il 70 A1200+Dip P sysV 78 19 19 1 7 1 7 0 1 0 0 0 0 - - - -
Toulouse-Il 71 A990+Dip P F 1 40 40 6 14 - - 1 0 0 0 7 5 - - - -
McKenna-II 72 Ticlopidine P F+V 2 27 26 10 5 - - 0 2 0 0 0 2 - - - -
DenOttolander 73 A1500+RA233 P F 3 14 14 3 7 - - - - 2 2 1 1 - - 0 0
GRAND 74 GR32191B PF 3 63 64 6 7 - - 0 0 0 0 3 5 -. - -
Jones 75 Dazoxidben PF 4 60 60 8 13 - - - - 0 1 10 10 - - 0 1
Frankfur-t 76 A+Dip,A1320 PF 2 25 14x2 2 1 - - 0 0 0 1 1 0 - - 0 0
-Data not available.
tA-Aspirin (expressedwith daily dosage inmg, unless same inboth arms). Dip-Dipyridamole. Hep-Heparin. Sp-Sulphinpyrazone. Hydroxy-Hydroxychloroquine. RA233 and GR32191IB are unmarketed antiplateletagents.
*P-Placebo. 0-Open randomised control. F-Systematic radiolabelled fibrinogen uptake scanning. +V-Confirmatory venography. C-Clinical examination. D-Doppler.ultrasonography. sysV-Systematic vessography.
Pi-Plethyamography. T-Thersnography.
S's2,' s3' denote control groups counted twice, thrice in adjusted totals to balance largertmaunent groups.
IIFigssres wishinparenhess arenumbers of deep venous thromboses detectedin ftials usingmethods otherthan systematic radiolabelled fibrinogenuptake scanning (with orwithoutvenography) or systematicvenography.jlncludesfatal bleeds andotherdeaths. Overai two deaties"' were attributed to bleedingamongantiplatelet ailocatedpatientsversustwo amongcontrols."ri

1 Kakkar W. Prevention of venous thromboembolism. Clin Haematol 1981;1O:
543-82.

2 Dalen JE, Paraskos JA, Ockene IS, Alpert JS, Hirsh J. Venous thrombo-
embolism: scope ofthe problem. Chest 1986;89(suppl):370-3S.

3 Thromboembolic Risk Factors (THRI) Consensus Group. Risk of and
prophylaxis for venous thromboembolism in hospital patients. BMJ
1992;305:567-74.

4 European Consensus Statement. Prevention of venous thromboembolism.
London: Med-Orion PubLishing Co, 1992.

5 Consensus Development Conference Report. Prevention of venous thrombosis
and pulmonary embolism.JAMA 1986;256:744-9.

6 Kakkar V. Prevention of venous thrombosis and pulmonary embolism.
AmJCardiol 1990;65:50-4C.

7 Clagett GP, Anderson FA Jr, Levine MN, Salzman EW, Wheeler HB.
Prevention ofvenous thromboembolism. Chest 1992;102(suppl):391-407S.

8 Goldhaber SZ, Morpurgo M, for the WHOIISFC Task Force on Pulmonary
Embolism. Diagnosis, treatment and prevention of pulmonary embolism.
Report of the WHO/International Society and Federation of Cardiology
Task Force.JAMA 1992;268:1727-33.

9 Gent M, Roberts RS. A meta-analysis of the studies of dihydroergotamine plus
heparin in the prophylaxis of deep vein thrombosis. Chest 1986;89(suppl):
396-400S.

10 Collins R, Scrimgeour A, Yusuf S, Peto R Reduction in fatal pulmonary
embolism and venous thrombosis by perioperative administration of
subcutaneous heparin. NEngiJMed 1988;318:1162-73.

11 Antiplatelet Trialists' Collaboration. Collaborative overview of randomised
trials of antiplatelet therapy-I: prevention of death, myocardial infarction,

and stroke by prolonged antiplatelet therapy in various categoies of
patients. BMJ 1994;308:81-106.

12 Antiplatelet Trialists' Collaboration. Collaborative overview of randomised
trials of antiplatelet therapy-Il: maintenance of vascular graft or arterial
patency by antiplatelet therapy. BMJ 1994;308:159-71.

13 Medical Research Council. Effect of aspirin on postoperative venous throm-
bosis. Lancet 1972;ii:441-4.

14 Parodi JC, Grandi A, Font E, Rotondaro D, Iorio J, Manrique J. El
dipiridamol y el acido acetilsalicilico en la profilaxis de las trombosis venosas
postoperatorias de los miembros inferiores. DiaMed 1973;45:92-3.

15 Grandi A, Parodi JC, Rotondaro D, Soffer F, Alle E. Prevencion de la
flebotrombosis postoperatoria. Mediana (BAires) 1979;39:379-83.

16 Loew D, Wellmer HK, Baer U, Merguet H, Rumpf P, Petersen H,
et al. Postoperative thromboembolie-prophylaxe mit acetylsalicylsaure.
Duch Med Wschr 1974;99:565-72.

17 Zekert F. Prophylaxe von phlebothrombosen und lungenembolien mit
aggregationshemmemn. In: Zekert F, ed. Thrombosen, Embolien und Aggre-
gatonshemsnerin derChirurgie. Stuttgart: Schattauer, 1975:75-88.

18 Clagett GP, Schneider P, Rosoff CB, Salzman EW. The influence of aspirin on
postoperative platelet kinetics and venous thrombosis. Surgety 1975;77:
61-74.

19 O'Sullivan EF, Renney ]T. Antiplatelet drugs in the prevention of postopera-
tive deep vein thrombosis. In: Proceedings of III congress of Interiational
Societyfor Thrombosis and Haemnostasis (Washington). 1972:438.

20 Renney JT, O'Sullivan EF, Burke PF. Prevention of postoperative deep vein
thrombosis with dipyridamole and aspirin. BMY 1976;i:992-4.

21 Encke A, Stock C, Dumlke HO. Doppelblindstudie zur postoperativen

244 BMJ VOLUME 308 22 jANuARY 1994



Appendix 2

INDIVIDUAL RESUITIS OF UNCONFOUNDED RANDOMISED COMPARISONS OF ONE ANTIPLATELET REGIMEN WITH ANOTHER (Al v A2) FOR
THROMBOPROPHYLAXIS IN SURGICAL AND HIGH RISKMEDICAL PATIENTS

Non- Reoperation,
I)eep vclt*USt,..ti.a.lIbosls Pulmonary embolism pulmonary wound

No oft embolismn haematoma/ Major
Control and pauents% Anyli Pitxinial Noit-lacal Fatal death infection bleed

Reference follow up Weeks of
Trial name No Regiment methods+ treatment Al A2 Al A2 Al A2 Al A2 Al A2 Al A2 Al A2 Al A2

General surgery
Parodi-I 14,15 A1000+DipvDip O F+V 1 21 19 2 4 - - 0 0 0 0 0 0 0 0 - -
Parodi-II 14,15 A+DipvAI500 O F 1 31 30 3 7 0 0 0 0 0 0 0 0 0 0 0 0
Parodi-Il 14,15 DipvAl500 OF 1 30 30 6 7 1 0 0 0 0 0 0 0 0 0 0 0
Parodi-II 14,15 A1500+DipvDip O F 1 31 30 3 6 0 1 0 0 0 0 0 0 0 0 0 0
Zekert-IH 17 AlOOO+DipvDip OF 2 17 19 6 8 -- 0 1 0 0 0 0 - - - -

Zekert-IH 17 DipvA1500 O F 2 19 15 8 5 - - 1 0 0 0 0 0 - - - -

Zekert-II 17 A1000+DipvA1500 O F 2 17 15 6 5 - - 0 0 0 0 0 0 - - - -
Zekert-IlI 17 A1000+Dip,A1300+DipvA1500 O F 2 89 40x2 33 21 - -- 3 1 0 0 1 6 - - 1 2
Encke-IA 21 A+DipvA990 P F 2 12 9 6 6 - - 0 0 0 0 0 0 - - 0 0
Encke-IB 21 A990+DipvA1500 P F 2 30 32 3 9 - - 0 0 0 0 0 0 - - 0 0
HariolaDVT 30 A+DipvA1500 O C+V 2 100 100 (0 4) -- -- 0 0 0 0 0 0 - - 0 0
Harjola DVT 30 A1500+DipvDip O C+V 2 100 100 (0 2) - - 0 0 0 0 0 0 - - 0 0
HariolaDVT 30 DipvA1500 0 C+V 2 100 100 (2 4) - - 0 0 0 0 0 0 - - 0 0

Trauanatic orzhopaedic surgery
Wood 41 A600+RA233 v RA233 P F 2 9 12 9 11 7 9 0 0 0 1 2 0 0 0 0 0
Massachusetts-I 48 A+HydroxyvA1200 0 C/P1+V 3 26 24 (7 6) - - 0 0 0 1 2 1 7 1 6 1
Encke-II 21 A990+DipvA1500 P F 2 18 16 6 8 - - 0 1 0 0 0 2 - - 0 0

Elective orthopaedsc surgery
McKenna-I 54 A97SvA3900 P F+V 2 11 13 7 1 2 0 2 1 0 0 0 0 - - I 0
Rocha 57 A250tvA1000 O F+V 1 30 30 1 2 - - 0 0 0 0 0 0 1 1 0 0
Hume-B 60,61 A+HydroxyvA1300 P F+V 2 20 21 5 7 -- - - - 0 0 0 0 - - - -

Hamburg 66 A+DipvA1000 P F 3 11 10 1 2 - 0 0 0 0 0 0 - - 1 0
Haris-II 67 A300vA1200 OsysV <2 50 50 26 29 5 16 2 0 0 0 0 0 - - - -

High risk medical partets
Frankfurt 76 A+DipvA1320 P F 2 11 14 0 2 -- - 0 0 0 0 0 1 - - 0 0
Hart 77 A+DipvA1500 O F <2 44 46 5 16 - -- - - 0 0 0 0 - - - -

Capildeo 78 A+rDiptvA900 PT+V 2 88 95 (21 15) -- 0 0 1 0 8 5 - - - -

-Data not available.
tA-Aspirin (expressed with daily dosage in mg, unless sautie in both anxis). Dip-Dipyridamole. Hydroxy-Hydroxychloroquuie. RA233 is utiinsarketed antiplatelet agent.
tO-Open randomnised control. P-Placebo. F-Systematic radiolabelled fibrnogen uptake scanning. +V-Lon=xmaetsry verrwgraphy. C-ClnLcal examumation. I'-Plethysmography. sysV-Systematic venography.
T-Thenmography.
S"x2" denotes control group counted twice in adjusted total to balance larger treatment group.
IIFigures within parentheses are numbers ofdeep venous thromboses detected in trials using methods other than systematic radiolabelled fibrinogen uptake scanning (with or without venography) or systematic venography.
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Immediate hypersensitivity to rubber is fairly common
among people regularly exposed to rubber, although
severe anaphylactic reactions are rare.'2 We report a
severe anaphylactic reaction in a woman who may have
been sensitised to rubber during multiple operations
and vaginal examinations.

Case report
A 31 year old woman became ill on her way home

from a hospital consultation. Her face and eyelids
swelled, her throat felt tight, and she became short of
breath with wheezing. Her general practitioner arrived
to find her moribund; diagnosed anaphylaxis; and
injected adrenaline, chlorpheniramine, and hydro-
cortisone. She survived a respiratory arrest during
transfer to hospital.
The woman's medical history included delayed

hypersensitivity reactions to nickel and several opera-
tions (including appendicectomy, hemiorrhaphy,
right salpingo-oophorectomy, two laparoscopies,
and four caesarean sections). During a consultation
about an abscess at the site of a stitch the woman's
gynaecologist had examined her vaginally while
wearing a latex rubber glove; the anaphylactic reaction
occurred about 10 minutes later. In retrospect, she
recalled a less severe episode of facial swelling and
wheezing after blowing up some balloons. Immediate
hypersensitivity to latex rubber was thought to have
caused her anaphylactic reaction.

The woman recovered fully within 24 hours and was
discharged from hospital with syringes preloaded with
adrenaline (0 5 ml 1/1000) for intramuscular injection
and 240 mg of terfenadine to take orally at the onset of
any attack. A blood sample taken 36 hours after the
anaphylactic reaction showed normal C3 and C4
concentrations and a C1 esterase inhibitor concentra-
tion of 0-12 g/l (reference range 0 15-0-35 g/l), which
excluded idiopathic angio-oedema.
The patient was subsequently noted to be dermato-

graphic and had a positive hypersensitivity reaction
10 minutes after a prick test with a 1 cm square piece of
a latex rubber glove but no reaction when a control
polythene glove was used. Prick testing with natural
rubber latex showed a 5 mm weal and 15 mm flare;
no reactions were obtained in six control subjects.
A resuscitation trolley, a syringe preloaded with
adrenaline, and a plastic airway were close by during
these tests. Patch tests with various rubber chemicals
gave negative results, though those with nickel and
cobalt gave positive results.
Four months later the woman developed wheezing

and shortness of breath 30 minutes after her son
directed the flow of air from a deflating rubber
"whoopee" cushion (a joke cushion) at her face. She
injected adrenaline, and the resulting reaction was less
severe than the previous reaction, but admission to
hospital was still required.

Comment
Immediate hypersensitivity is fairly common

among people regularly exposed to rubber. Nine of
145 theatre staff in one Finnish hospital had local
contact urticaria caused by wearing latex rubber
surgical gloves, and similar allergic reactions occur in
people who regularly use rubber cleaning gloves.'
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